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Abstract 
In Thailand, fans industry has a significant market worth of USD 50 million. They are commonly used in the ventilation system 
of a building. However, most of the locally made fans have not been certified by any organizations and tend to be inefficient, 
currently taking up on average 25 percent of the building’s total energy consumption. As a result, the gross energy demand of the 
nation is wastefully high. In this study, we aim to establish a standard for the industrial fan efficiency which upon enforcement 
can lead to reduction of energy consumption by promoting manufacturing of competitively efficient equipment. In order to set a 
standard, we first surveyed the fan market in Thailand and found that the majority of the fans used are made in the country and 
with a capacity below 34,000 CMH. Fans are randomly chosen for the study and their Fan Efficiency Grades (FEGs) are 
determined through a performance testing in a chamber designed and built in-house for a maximum capacity of 34,000 CMH at 
22 kW, following the ISO5801-2007: Industrial Fans-Performance Testing Using Standardized Airways. The comparisons 
between the FEGs of Thailand made fans and those of international model as well as an evaluation against the standard set by 
ASHRAE point out necessity for improvement in efficiency of locally made fans 
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1. Introduction 
The selection of the industrial fan in Thailand has long been based on four factors: pressure head, power drive, 
volume flow, and the usage application. One of the potential parameter ignored by most of the fan buyer in Thailand 
is the efficiency, since it comes with higher price. Without concerning on the energy demanded by the inefficient 
fan, the country has to provide more energy to cover up these unnecessary lost.  
 Fan is an important component in a ventilation system of most commercial and industrial buildings. Fan usage 
takes up about 25 percent of overall energy consumption per one unit area. Thailand’s ongoing economic growth has 
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led to a higher energy demand as evident by a yearly increase of the total energy consumption by 2 to 5 percent [1].  
According to the 2013 annual report by Thailand Ministry of Energy on the energy usage [2], business sector 
consumes about 18.8 percent of overall energy consumption (Table 1). Since the fan usage took approximately 25 
percent of the electricity demand within the sector, around 4.7 percent of Thailand gross energy had been spent only 
on operating fans. This approximation has excluded fan used in other sectors, therefore the total energy consumption 
on fans in the country is likely even higher. With a goal to increase the efficiency of energy usage on fans, this study 
represents the first milestone that is to evaluate the performance of the commercial fans sold in Thailand against the 
internationally accepted standards. The results will then be used to determine a benchmark for the fans in the Thai 
market. 
 
Nomenclature 
H fan power output     T torque 
Kp compressibility coefficient   Pt total pressure 
N shaft speed (rpm)    ΔP pressure difference 
Pa atmospheric pressure   Pe6 chamber upstream pressure 
Pe4  chamber inlet pressure    Q volumetric flow rate 
 
Table 1. Thailand electricity consumption 2013 
Sector GWh 
Residential 37,657 
Small General Service 18,374 
Business 30,413 
Industrial 72,536 
Government and Non-Profit 4,149 
Agriculture 354 
Other 2,479 
Total 161,962 
 
2. Research Method 
 2.1 Scope of study 
 This study focused on the centrifugal fans that were used in the ventilation system and were equipped with either 
backward-curved or forward-curved blades. These fans had the maximum flow below 34,000 CMH with power 
drive not exceeding 22.5 kW (30 hp).  
 2.2 Sampling 
 According to a marketing survey by Thailand’s Department of Business Development [4], there were more than 
2,500 models of fan being manufactured and sold by 19 fan companies from around the world. Based on the 
“Yamane” statistical method [5], 70 models featuring the forward- and backward- curved blades and a variety of 
impeller diameters and flow rates were randomly selected as a representative group.  
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 2.3 Testing apparatus and procedure  
 Fan performance was evaluated in a nozzles chamber that was designed and built in-house following the 
ANSI/AMCA 210-07 (Industrial Fans-Performance Testing Using Standardized Airways) standard [3]. The 
chamber had a maximum capacity of 34,000 CMH at 22 kW, was equipped with the installation type B, and 
operated under a free inlet and free outlet condition (Fig.1). Four basic parameters, namely ambient temperature, 
atmospheric pressure, relative humidity and wet-bulb temperature, were measured at the beginning of a testing and 
assumed to be constant throughout the period of the study. These four constants were used for calibrating laboratory 
environment factor. During each experiment, the shaft speed (N) was fixed to a constant and the following 
measurements were collected: chamber pressure at two positions (at x and y, see arrows in diagram 1, Pe4, Pe6), 
pressure difference between nozzle’s plane (∆P), chamber’s temperature, and torque (T).  
 
Figure 1. Fan Testing Chamber 
 2.4 Calculation of performance curve and fan efficiency   
 The fan efficiency ( ) was determined as a function of volume flow rate (Q), total pressure (Pt), compressibility 
coefficient (Kp) and the fan power output (H), as shown in the following equation (Eq. 1).  
      ߟ ൌ  ொ௉೟௄೛ு      (1)  
where H is a function of T and N (Eq.2), Q is a function of  ∆P (Eq.3), and Pt is a function of Pe4  and Q.(Eq.4) 
        ܪ ൌ ଶగ்ே଺଴      (2)  
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       ܳ ן ξοܲ     (3)  
        ௧ܲ ൌ ݂ሺܳଶǡ ௘ܲସሻ    (4)  
 Under the conditions operated in this study, Kp can be simplified to a constant [3]. As a result, the fan efficiency 
mainly depended on three factors (i.e. volume flow rate, total pressure, and torque).  
3. Result and Discussion 
 The representative fans underwent the performance testing and the combined results showed the peak efficiency 
that was distributed from 20.0 to 83.1 percent (Fig.2). Among 70 fans in this study, 13 fans (18.6 percent) did not 
reach 50% peak efficiency. 
 
Figure 2. Histogram of representative fans grouped by their peak efficiency 
The fans’ peak efficiency was first considered as a function of the blade arrangement. Typically, a forward-
curved and backward-curved fan should have the peak efficiency of 70 percent and 80 percent, respectively [6]. As 
shown in Fig.2, only 28 of 70 fans performed better than their respective criteria. At a given impeller diameter, 
backward-curved fans tended to have a slightly better efficiency than the forward-curved ones due to their blade 
characteristic that was designed to produce pressure head. The diameter of an impeller is another factor affecting a 
fan efficiency of which a small impeller diameter resulted in a less efficient fan than a bigger counterpart [7]. 
Overall, the trend observed from this study agreed well with the previous report.  
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Figure 3. Plot of the peak efficiency of the representative fans categorized by an arrangement of fan blades as a 
function of the impeller size. 
According to the efficiency classification in AMCA 205-12: Energy Efficiency Classification for Fans, fans can 
be categorized into Fan Efficiency Grades (FEGs) depending on its peak efficiency at a given impeller diameter [8]. 
This categorization requires that the fans are equipped with the impeller diameter of 125 millimeters or greater, 
driven with a shaft power of at least 750 watt (1 hp), and tested using a protocol from the following standards: 
ANSI/AMCA 210, ANSI/AMCA 230, AMCA 260, or ISO 5801 [8]. All fans in this study met these requirements 
and their FEGs were determined by plotting the peak efficiency against the AMCA 205-12 FEG chart (Fig.3). Based 
on the FEG classification, ASHRAE, in 2010, published an optional criterion in selecting fans for a commercial 
building to promote an efficient use of energy on fans. The criterion sets FEG 67 as a minimal requirement for fans 
with a power drive above 3.73 kW or 5 hp [ASHRAE 90.1, ref 9]. In this study, there were 4 of 17 Thai fans and 28 
of 53 international fans that had a power drive of at least 3.73 kW. As shown in Figure 4, most of these fans passed 
the FEG 67 benchmark.  
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Figure 4. Plot of the peak efficiency of the representative fans categorized by the manufacturers in comparison  
to the AMCA 205-12 FEG chart. 
 
 
 
Figure 5. Plot of the peak efficiency of the representative fans against AMCA 205-10 FEG chart. In this graph, 
only fans with a power drive at least 3.73kW (5 hp) were presented. 
 
Among the representative fans, most of the Thai fans are made with a power drive less than 3.73 kW which are 
suitable for small-medium duties, whereas the international models are distributed to all duty range. Since the 
international models were imported from either European countries, the United States, or Japan, the products had a 
better quality and design due to the established manufacturing policy in each respective country [6, 10] as well as 
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compliance with the ASHRAE 90.1 standard in some models.  
When purchasing fans, Thai consumers heavily base their decisions on the price of a fan in order to minimize 
their capital budget. However, the price of fans usually correlates with their quality. As a result, the inefficient fans 
are more wildly used. In order to promote a development and sales of a more efficient fan in Thailand, the 
manufacturing policy and a standard evaluation of a fan’s grade needs to be in effect. A quality-control parameter 
shall be first introduced to the fan companies as an optional manufacturing criterion and later set as an obligation.  
Based on the result of this study, the average peak efficiency of the representative fans was approximately 62 
percent. Therefore, we propose setting a targeted the peak efficiency to be comparable to the FEG 67 boundary. It is 
anticipated that the introduction of such standard in Thailand would stimulate a production and therefore sales of 
higher-quality  fans and that the results would lead to a reduction in energy consumption by at least 5 percent of 
fans’ total energy consumption or 0.2 percent of the nation’s energy consumption.  
4. Conclusion 
Thailand fan market share comprise of approximately 80 percent of the imported models and 20 percent of 
domestically-made models. Due to a limited technology and design, most Thai companies are capable of 
manufacturing only the small-to-medium size fans that are attached to power drive less than 3.73kW. The fans from 
other countries have a wider range of size and more variety. In general, Thai fans have lower FEGs compared to the 
international models. But they are cheaper and therefore widely used by the locals without considering the energy 
efficiency. In order to promote manufacturing and sales of a more energy-efficient fan in Thailand, especially the 
small cheap fans, Thailand’s Fan policy shall be drafted and introduced to the domestic fan companies as an 
optional criterion. In the first stage, we proposed a minimal requirement at FEG 67 which was based on the targeted 
5 percent reduction of the current fans’ total energy consumption. Upon enforcement of the policy, an evaluation of 
Thailand’s energy usage shall follow. 
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